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ENCODING AND DECODING A PICTURE
BLOCK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a 35 U.S.C. § 371 national stage
application of PCT International Application No. PCT/
SE2017/051350 filed on Dec. 27, 2017, which i turns
claims domestic priority to U.S. Prewsmnal Patent Appli-
cation No. 62/527.471, filed on Jun. 30, 2017, the disclo-
sures and content of whieh are incorporated by reference
herein 1n their entirety.

TECHNICAL FIELD

The 1mvention relates to a method of encoding a block of

a picture mmto a video bitstream, a method of decoding a
block of a picture of a video bitstream, a corresponding

computer program, a corresponding computer program
product, a video encoder for encoding a block of a picture
into a video bitstream, and a video decoder for decoding a
block of a picture of a video bitstream.

BACKGROUND

High Efliciency Video Coding (HEVC) 1s a block-based
video codec standardized by the Telecommunication Stan-
dardization Sector of the International Telecommunications
Union (ITU-T) and the Moving Picture Experts Group
(MPEG) that utilizes both temporal and spatial prediction.
Spatial prediction 1s achieved using intra-prediction (I) from
within the current picture. Temporal prediction 1s achueved
using inter-(P) or bi-directional (B) inter-prediction on block
level from previously decoded reference pictures. The dii-
terence between the original pixel data and the predicted
pixel data, referred to as the residual, 1s transtformed into the
frequency domain, quantized, and then entropy coded before
it 1s transmitted together with necessary prediction param-
eters, such as mode selections and motion vectors, which
also are entropy coded. By quantizing the transformed
residuals, the tradeofl between bitrate and quality of the
video may be controlled. The level of quantization 1s deter-
mined by the Quantization Parameter (QP). The decoder
performs entropy decoding, inverse quantization, and
inverse transformation, to obtain the residual, and then adds
the residual to an intra- or inter-prediction to reconstruct a
picture.

MPEG and ITU-T have recently started the development
of the successor to HEVC within the Joint Video Explor-
atory Team (JVET). In the exploration phase, an experimen-
tal software codec called JVET Exploratory Model (JEM) 1s
used, which 1s based on the HEVC reference codec software
HM (HEVC Test Model).

HEVC has 35 different intra-prediction modes. Mode O,
the planar mode, uses interpolation of the bordering pixels
from the left- and top-neighboring blocks. Mode 1, the DC
mode, uses the average of the neighboring pixels as predic-
tion for each pixel of the current block. The remaining 33
modes are angular modes, where each mode defines a
direction i which the neighboring pixels are extended. For
cach 1ntra-predicted block, one of the 35 modes is selected
for encoding the block. The different angular modes are
illustrated 1n FIG. 1A. FIG. 1B illustrates how pixels of an
intra-predicted block are extended, i.e., predicted, from
neighboring blocks along a certain direction. Since the

pixels are extended from the left, the left-neighboring bor-

10

15

20

25

30

35

40

45

50

55

60

65

2

dering pixels are first projected from the top reference
pixels, before extending the reference pixels from the top for
the prediction of the block.

The intra-prediction modes 1 HEVC are coded using
three Most Probable Modes (MPMs). A list of MPMs 1s
populated for each block and derived 1n the following order:

1. The mode of the above-neighboring block

2. The mode of the left-neighboring block

3. Planar mode

4. DC mode

5. Angular mode 26

Duplicates are removed and the top three modes are used
as the most probable modes. In the case the current intra-
prediction mode 1s equal to one of the modes in the MPMs
list, prev_intra_luma_pred_flag 1s set to 1 and an index O, 1
or 2, 1s signaled in the bitstream. If the current intra-
prediction mode 1s not equal to a mode 1n the MPMs list, the
prev_intra_luma_pred_tlag is set to 0 and the selected mode
1s signaled using a 5-bit fixed-length code.

In the current version of JEM, 6.0, the number of angular
modes has been extended to 66 to increase the granularity of
the possible directions for intra-prediction. The number of
MPMs has also been extended to six, since the number of
intra-prediction modes has increased. The MPMs list for
JEM 1s populated in the following order, with duplicates
removed, until six modes have been reached:

1. The mode of the left-neighboring block

2. The mode of the above-neighboring block
. Planar mode
. DC mode
. The mode of the below-left neighboring block
. The mode of the above-right neighboring block
. The mode of the above-leit neighboring block

. =1/+1 of the already included angular modes
. Vertical mode

10. Horizontal mode

11. Mode 2

12. Diagonal mode

Subpixel filtering of reference pixels 1s applied for the
angular modes 1n HEVC and JEM. When the directional
arrow starts exactly at a reference pixel, the reference pixel
1s simply copied to the current position of the block to be
encoded. It 1t does not point exactly at one reference pixel,
the pixel sample P, for the prediction 1s interpolated from
the two closest reference pixels,R,,and R, ,, according to:

OO0 ~1 O b WY

P =((32-w,)R; g+w, R; | o+16)>>5

where w,, 1s the weighting between the two reference
samples corresponding to the projected subpixel location 1n
between R,, and R, . Reference sample index 1 and
weighting parameter w,, are calculated based on the projec-
tion displacement d associated with the selected prediction
direction (describing the tangent of the prediction direction
in units of 1/32 samples and having a value from -32 to
+32). w,, and 1 are calculated according to:

c,=(y-d)>>5
w,=(y-d) & 31

z—x+cy

In JEM 6.0, the pixel sample P, , 1s filtered trom the four
referenced pixels closest to where the direction points at,
using a cubic 4-tap filter or a Gaussian 4-tap filter.

In version 6.0 of JEM, the block structure 1s quite different
compared to HEVC. The block structure in JEM 1s referred
to as quadtree plus binary tree block structure (QTBT) and
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1s exemplified i FIG. 2. A coding unit in QTBT can have
either square or rectangular shapes. A coding tree umt (CTU)
1s first partitioned by a quad tree structure. Then 1t 1s further
partitioned either vertically or horizontally 1 a binary
structure to form coding blocks, referred to as coding units
(CUs). A block could thus have either a square or rectangular
shape. The depth of the quad tree and binary tree can be set
by the encoder in the bitstream.

Context Adaptive Binary Arithmetic Coding (CABAC) 1s
an entropy-coding tool used n HEVC. CABAC encodes
binary symbols, which keeps the complexity low and allows
modelling of probabilities for more frequently used bits of a
symbol. The probability models are selected adaptively
based on local context, because coding modes usually are
locally well correlated.

Bezier curves are parametric curves used to model smooth
surfaces and are often used i computer graphics and
ammations. Bezier curves which can be scaled indefinitely
may be linked together to create smooth paths that are
intuitive and easy to modily. Bezier curves may be created
using Castlejau’s algorithm. In 1ts general form, Bezier
curves are expressed 1in terms of Bernstein polynomials. An
often more useful way 1s to express the Bezier curve as a
polynomial of the form:

B(r) = Z IjCj where

J=0

S )R T "'

G- i)

(-1 P,
N —0)!

i !
— _
T =)
i—0

and P, are the start, end, and control points, of the Bezier
curve. A Bezier curve has the following important proper-
ties:

The curve begins at pomt P, and ends a point P, .

The start (end) of the curve 1s tangent to the first (last)

section of the Bezier polygon

A curve can be split at any point into two sub-curves

Every degree-n curve 1s also a degree-m curve for which

m>n.

An example of constructing a quartic (degree n=4) Bezier
curve (solid line) using five points P, 1=0 . . . 4, 1s 1llustrated
in FIG. 3, with t=0.25. Q,, R, and S, are intermediate points
used for constructing the curve.

A B-spline function 1s a piecewise polynomial function of
degree k 1n a variable x. The places where the pieces meet
are known as knots. The number of knots must be equal to,
or greater than, k+1.

B-splines are considered as a generalization of Bezier
curves with an important property, that any spline function
of degree k on a given set of knots can be expressed as a
linear combination of B-splines:

Sia(¥) = ) @iBiy (x)

The polynomial pieces of a B-spline curve are expressed
as follows:

1 if ; =x <14y

B;(x)= {

0 otherwise
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-continued

X—=1 livhk —X

B (x) = Bij_1(x) +

Biiy4-1(x)

livg—1 — I ik — it

Curve fitting can be made with B-splines using a least-
squared method with the following objective function:

W)y = > @iBig, ()| ¢

where W(x) 1s a weight and y(x) 1s the datum value at x. The
coellicients ¢, are the parameters to be determined.

SUMMARY

It 1s an object of the invention to provide an improved
alternative to the above techniques and prior art.

More specifically, 1t 1s an object of the invention to
provide an mmproved intra-prediction of picture blocks in
video coding.

These and other objects of the invention are achieved by
means of different aspects of the invention, as defined by the
independent claims. Embodiments of the invention are char-
acterized by the dependent claims.

According to a first aspect of the mvention, a method of
encoding a block of a picture mto a video bitstream 1s
provided. The method 1s performed by a video encoder and
comprises encoding a {irst block of the picture, determining
an 1ntra-prediction mode for a second block of the picture,
for which second block the intra-prediction 1s made from
pixels 1n the first block along a non-straight line, encoding
the second block using the determined intra-prediction
mode, and signaling syntax elements for the second block in
the video bitstream.

According to a second aspect of the invention, a method
of decoding a block of a picture of a video bitstream 1s
provided. The method 1s performed by a video decoder and
comprises decoding a first block of the picture, parsing
syntax elements for a second block of the picture from the
video bitstream, determining an intra-prediction mode for
the second block, for which second block the intra-predic-
tion 1s made from pixels 1n the first block along a non-
straight line, and decoding the second block using the
determined intra-prediction mode.

According to a third aspect of the invention, a computer
program 1s provided. The computer program comprises
computer-executable instructions for causing a device to
perform the method according to an embodiment of the first
or second aspect of the invention, when the computer-
executable 1nstructions are executed on a processing unit
comprised 1n the device.

According to a fourth aspect of the invention, a computer
program product 1s provided. The computer program prod-
uct comprises a computer-readable storage medium which
has the computer program according to the third aspect of
the 1nvention embodied therein.

According to a fifth aspect of the invention, a video
encoder for encoding a block of a picture into a video
bitstream 1s provided. The video encoder comprises pro-
cessing means and a memory comprising instructions which,
when executed by the processing means, cause the video
encoder to encode a {first block of the picture, determine an
intra-prediction mode for a second block of the picture, for
which second block the intra-prediction 1s made from pixels
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in the first block along a non-straight line, encode the second
block using the determined intra-prediction mode, and sig-
nal syntax elements for the second block i the video
bitstream.

According to a sixth aspect of the invention, a video
decoder for decoding a block of a picture of a video
bitstream 1s provided. The video decoder comprises pro-
cessing means and a memory comprising instructions which,
when executed by the processing means, cause the video
decoder to decode a first block of the picture, parse syntax
clements for a second block of the picture from the video
bitstream, determine an intra-prediction mode for the second
block, for which second block the intra-prediction 1s made
from pixels in the first block along a non-straight line, and
decode the second block using the determined intra-predic-
tion mode.

The intra-angular mode has been successiully used in
HEVC as 1t provides a simple solution with good compres-
sion gains. In JEM, however, the number of directions has
been doubled, resulting in an overall improvement of the
prediction accuracy for an intra block. A problem with the
intra-angular mode 1s that 1t can only predict blocks along a
straight line. This may be an excellent prediction for some
blocks, while 1t may be worse for blocks that do not have
straight features 1n the texture, which are common in natural
1mages.

The invention makes use of an understanding that a new
intra-prediction mode, or a set of intra-prediction modes, 1s
needed to improve itra-prediction for blocks that do not
have straight features. In contrast to the angular mode in
HEVC, which extends neighboring pixels only along a
straight line, neighboring pixels are extended, or extrapo-
lated, along a non-straight line. Thereby, an improved pre-
diction for blocks 1n a video that have texture features which
are not well represented by the DC mode, the planar mode,
or the-intra angular mode, may be achieved. As a conse-
quence ol an improved intra-prediction, less bits are needed
tor residual coding, thereby improving the overall compres-
sion efliciency.

In some embodiments of the invention, the neighboring
pixels are extended, here also referred to as predicted or
extrapolated, along a curved line to better match blocks with
curved features 1n the texture, which are common 1n natural
1mages.

Even though advantages of the invention have in some
cases been described with reference to embodiments of the
first and/or second aspect of the mvention, corresponding

reasoning applies to embodiments of other aspects of the
invention.

Further objectives of, features of, and advantages with,
the invention will become apparent when studying the
following detailed disclosure, the drawings and the
appended claims. Those skilled in the art realize that difler-
ent features of the invention can be combined to create
embodiments other than those described 1n the following.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, as well as additional objects, features, and
advantages of the invention, will be better understood
through the following illustrative and non-limiting detailed
description of embodiments of the invention, with reference
to the appended drawings, 1n which:

FIG. 1A illustrates possible angular modes in HEVC, and
FIG. 1B illustrates an example of using an angular mode for
intra-prediction 1 HEVC.
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FIG. 2 illustrates an example of partitioning a CTU 1nto
CUs using QTBT.

FIG. 3 illustrates an example of constructing a quartic
(4-degree) Bezier curve.

FIG. 4 illustrates an example of an angular intra-predic-
tion mode of HEVC.

FIGS. 5A and 5B illustrate extending pixels from the
top-neighboring block along a specified curve, 1 accor-
dance with embodiments of the invention.

FIG. 6 1illustrates intra-prediction, in accordance with
embodiments of the mmvention.

FIG. 7 illustrates intra-prediction, i accordance with
other embodiments of the invention.

FIG. 8 exemplifies 16 different typical curves for an 8x8
block, 1n accordance with embodiments of the invention.

FIG. 9 illustrates 1ntra-prediction for an 8x8 block using
the 7th curve of FIG. 6, in accordance with embodiments of
the 1nvention.

FIG. 10 shows an example of an arbitrarily-shaped line
for a 16x16 block, in accordance with embodiments of the
ivention.

FIG. 11 illustrates extending the reference pixels from the
top using the arbitrarily-shaped line of FIG. 10, i accor-
dance with embodiments of the invention.

FIG. 12 exemplifies four different curves constructed
from two pieces, 1 accordance with embodiments of the
invention.

FIG. 13 illustrates deriving the intra-prediction mode
from modes of neighboring blocks, 1 accordance with
embodiments of the invention.

FIG. 14 illustrates extrapolating pixels in the current
block from a reference area comprising two or more rows or
columns, 1n accordance with embodiments of the invention.

FIG. 15 1llustrates the method of encoding a block of a
picture into a video bitstream, 1 accordance with embodi-
ments of the mvention.

FIG. 16 1illustrates a video encoder for encoding a block
of a picture 1nto a video bitstream, 1 accordance with
embodiments of the imnvention.

FIG. 17 1illustrates the method of decoding a block of a
picture of a video bitstream, 1n accordance with embodi-
ments of the invention.

FIG. 18 illustrates a video decoder for decoding a block
of a picture of a video bitstream, 1n accordance with embodi-
ments of the ivention.

FI1G. 19 1llustrates a video encoder/decoder, 1n accordance
with other embodiments of the invention.

All the figures are schematic, not necessarily to scale, and
generally only show parts which are necessary 1n order to
clucidate the invention, wherein other parts may be omitted
or merely suggested.

DETAILED DESCRIPTION

The invention will now be described more fully herein
alter with reference to the accompanying drawings, 1n which
certain embodiments of the invention are shown. This inven-
tion may, however, be embodied 1n many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided by
way ol example so that this disclosure will be thorough and
complete, and will fully convey the scope of the mnvention
to those skilled 1n the art.

The basic concept of the invention 1s to build on the
angular intra-prediction mode to not only extend the neigh-
boring pixels along a straight line, as 1s the case for HEVC
and 1llustrated in FIG. 4, but to extend the neighboring pixels
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along a non-straight line. This may be resembled with
painting the current intra block using a non-straight brush
stroke with paint from the neighboring blocks.

In the embodiments described below, the examples are
described 1n terms of prediction from the top-neighboring
block. The corresponding case, in which prediction 1s made
from the left-neighboring block, 1s not always explicitly
described below, 1t should be apparent for a person skilled
in the art that it 1s possible to do the prediction both from the
top- and from the left-neighboring blocks. It should also be
apparent that 1t 1s possible to predict from more than one
neighboring block at the same time, e.g., predicting the
pixels for a block from both its above-neighboring block and
its left-neighboring block.

Embodiment 1: Extending Neighboring Pixels
Along a Non-Straight Line

As 1s described in the Background section, the angular
intra-prediction mode 1n HEVC predicts the pixels for the
current block from the (extended) top- or left-neighboring
reference pixels by extending along a straight line i a
specified direction, as 1s 1llustrated in FIG. 4.

In the first embodiment of the invention, the pixels of the
current intra block are predicted from pixels from the
neighboring blocks. The prediction 1s made by extending the
pixels along a non-straight line, as 1s exemplified 1n FIGS.
5A and 5B.

Below are possible steps that may be performed by a
video decoder according to the first embodiment of the
invention:

1. Decode a first block of a picture 1n a video bitstream

2. Parse syntax elements for a second block of the picture

in the video bitstream

3. Determine an intra-prediction mode for the second

block, for which second block the prediction was made
from pixels 1n the first block along a non-straight line

4. Decode the second block using the determined intra-

prediction mode.

Below are possible steps that may correspondingly be
performed by a video encoder according to the first embodi-
ment of the invention:

1. Encode a first block of a picture

2. For a second block of the picture, select an 1intra-

prediction mode for which prediction 1s made from
pixels of the first block along a non-straight line

3. Predict the second block using the selected intra-

prediction mode from pixels 1n the first block

4. Encode the second block into the video bitstream.

Embodiment 2: Signaling a Pre-Defined Curve

In the second embodiment of the invention, the pixels in
the current block are predicted from pixels 1n the neighbor-
ing blocks along a specified, pre-defined curve. This 1s
illustrated 1n FIGS. SA and 5B, which show curves having
opposite curvatures.

In the case where pixels are extended from the top and the
curve intersects the left reference column, as 1s illustrated 1n
FIG. 6, the pixels 1n the top reference-row could be projected
from the left reference-column (position A projected from
position B 1n FIG. 6) similar to what i1s done for the angular
mode 1n HEVC. Alternatively, the pixels could be extended
from the left reference column directly (position B 1n FIG.
6).

In case the curve extends outside the reference area, e.g.,
to the right of the top reference area, the closest reference
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pixel may be used as reference for the pixels i the block that
are on the curve. Alternatively, the set of available curves
may be restricted to not include curves that extend outside
the reference area.

In the special case where the curve intersects the left
reference column and back 1nto the block, the first part of the
curve can be interpolated between point A and point B as 1s
illustrated in FIG. 7, and the remaining part of the curve can
be extended from point C, or may alternatively be a
welghted mix of the pixels 1n points A and C.

In one variation of the second embodiment, an angular
mode 1s selected as a starting direction of the curve. The
curve could be selected from a set of available curves. In 1ts
simplest form, the decoder applies one of the following
curves: turn to the left, straight line, or turn to the right, 1.e.,
the set of available curves equals {left turn, straight, right
turn}.

A pixel p(X,y) 1 position (X,y) of the current block-to-
predict could be denived like:

PV (X—d(x,y)+c(X,y),—-1)

if the pixels are predicted from the reference pixels from the
top, and

PEYIT (- Ly+d(x,y)+cx,y))

if the pixels are predicted from the reference pixels from the
lett. In the equations above, “-1"" indicates that the pixels are
on the border reference row/column from the block-to-
predict, and d(x,v) 1s the directional shift at position (X,y),
equivalent to d-y+x used in HEVC, where d 1s the projection
displacement. The directional shift d(x,y) 1s derived from the
selected angular mode, and c(X,y) 1s the curve shift at
position (X,y).

For a directional shiit in which the pixels are derived from
the top, the pixels are shifted as a linear function of v:

d(x,y)=c1+C5"y

where c, and c,, are constants which are based on the selected
direction.

The curve shift c(x,y) could be described 1in terms of
increasing/decreasing pixel shifts for each row, for example:

clx,y)=ca+cyy®

or

c(X,y)=Cat+cy (2<<Y)
or
c(x,y)=Cca3+cy 297

where c,, c,, and c., are constants.

The shape of the curves could also be defined explicitly
and stored 1n a look-up table (LUT). This allows for more
arbitrary shaped curves. Preferably, there should be a LUT
for each possible block size. The mput to each LUT could be
a curve to use, e.g., an index, and the output could be the
(possibly decimal) x-coordinates of the curve. As an
example, FIG. 8 illustrates 16 typical curves for an 8x8
block that could be part of the set of available curves. Note
that only one curve 1s finally selected for each encoded
block. As an example, FIG. 9 illustrates an 8x8 block for
which the 7th curve shown 1n FIG. 8 1s used to intra-predict
the block.

When the prediction 1s made from a position between two
reference pixels, the pixels could be filtered to allow for
subpixel precision. For instance, the pixels could be filtered
using interpolation, as 1n HEVC, or the pixels could be
filtered using a cubic 4-tap filter or a Gaussian 4-tap filter as
used 1 JEM 6.0 for angular intra-prediction modes. The
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filtering may be done 1n the r,, , and r,_, functions described
above, where the input coordinates may be decimal 1nput.

The set of available curves may be diflerent for different
block sizes. For instance, a block of size 4x4 pixels could
have a different set of available curves as compared to a
block of size 32x32 pixels. Square blocks, e.g., 4x4, and
rectangular blocks, e.g., 4x8, could also have different sets
ol available curves. The number of available curves could
also be different depending on block size and shape. For
istance, a 4x4 block could have five different curves to
choose from, while a larger 16x16 block could have eleven
different curves to choose from. For a given block, some of
the normally available curves could be removed from the set
of available curves due to missing neighboring blocks.

Whether to use an intra-prediction curved mode or not
could be signaled in the bitstream with a tlag on block level.
Signaling of the flag could for instance be made using
CABAC, or be bypass-coded. An example of syntax and
semantics for signaling the curve flag and curve index in the
bitstream 1s provided 1n Appendix A.

A flag could also be signaled 1n the slice header, 1n the
Picture Parameter Set (PPS), or 1n the Sequence Parameter
Set (SPS), to indicate 1f the curve mode 1s allowed for the
current slice, current picture, or current sequence, respec-
tively.

In one variation of the second embodiment, an index of
the selected curve from the set of available curves 1s signaled
in the bitstream. Signaling of the index could for mstance be
made using CABAC or some other kind of entropy coding,
such as fixed length coding, unary coding, or Golomb
coding.

In another variation of the second embodiment, the start-
ing direction of the curve is imncluded 1n the set of possible
curves to use, 1.e., the starting direction 1s not explicitly
signaled 1n the bitstream, only an index to the curve to use.

In yet another variation of the second embodiment, the
curve 1s dertved from the neighboring blocks, either from the
neighboring pixels directly, or from the intra-prediction
modes used by the neighboring blocks. This 1s described in
further detail below, 1n relation to Embodiment 5.

The maximum number of available curves for a block
could be signaled on slice, picture, or sequence level, for
instance 1n the slice header, 1n the picture PPS, or in the SPS.

Embodiment 3: Piece-Wise [Line Construction

In some cases, predicting an intra block from 1ts neighbors
using a straight line 1s the best choice. In other cases,
estimating the curvature in the texture of a block using a
specific curve from a set of pre-defined curves may be a
better choice, as 1s described 1n relation to Embodiment 2.
Sometimes, however, the shape of the optimal non-straight
line 1s not well aligned with a “normal-shaped” curve. In
these cases, intra-prediction may be better 11 the non-straight
line 1s explicitly coded.

One way of defining the shape of the non-straight line 1s
to construct the line 1n a piece-wise manner. The line could
for instance be divided into segments, where a vector
describes the direction of each segment. The non-straight
line could then be reconstructed from the segments using
straight lines or some other kind of line segment construc-
tion method, such as Bezier curves, B-splines, or some other
polynomial method. The vector parameters could be sig-
naled in the bitstream using CABAC or some other kind of
entropy coding, such as fixed length coding, unary coding,
or Golomb coding.
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In FIG. 10, an example of an arbitrarily-shaped line 1s
illustrated for a 16x16 block. The line has been divided into
five segments, where each segment can be described with a
vector. The vectors 1n the example, from the top, are: (-2,4),
(3,2), (-4.,3), (6,3), and (2.,4). After signaling an 1ndication
that this mode 1s used, the number of segments N 1s signaled
in the video bitstream, in this case N=5. Alternatively, an
“end of vector” codeword could be signaled after the last
vector. The x and y coordinates for the vectors would
preferably be coded differently, since v cannot be negative.
Alternatively, the coordinates could also be signaled with
differential coding. The y of the last vector does not need to
be signaled explicitly since it can be derived as the block
height minus the sum of the y’s 1n all previous vectors of the

block.

The same line would preferably be used for the whole
block. FI1G. 11 1llustrates extending the reference pixels from
the top to all pixels of the current block using the arbitrarily-
shaped line of the example above. Note that a starting
direction 1s not used, and thus not signaled in the third
embodiment.

In a slightly simpler variation of the third embodiment, a
fixed number N of segments 1s used, where N 1s not signaled
on block level. Rather, N 1s either pre-defined or signaled 1n
the bitstream at a higher level than the CU level, for instance
at CTU-level, slice level, picture level, or sequence level.
FIG. 12 exemplifies four different curves for N=2. The dots
in the curve have been connected using a 2"?-order polyno-
mial.

Even with only two segments, it 1s possible to represent
numerous possible curves. With N=2, 1t 1s suflicient to code
the ending x-position (of the second vector) and the x- and
y-position where segments are joined (the “knee’). The
ending x-position can be predicted from the angle of the
neighboring block, either 11 an angular intra-prediction mode
has been used for the neighboring block, or if a curved
intra-prediction mode has been used in the neighboring
block and the method described below i1n relation to
Embodiment 5 1s used. It may also be signaled similar to
how the angular mode 1s signaled in HEVC or JEM,
including using MPM selection. The knee position may be

predicted as the midpoint between the starting point of the
curve and the end point of the curve and could be derived as:

X.n4 helght
(Xknee _preds Yknee _prfd) — ( 7 5 )

where “height” 1s the height of the block-to-be-predicted.

It 1s then suilicient to code the difference between the
actual end-position and the predicted end-position, and the
difference between the actual knee-position and the pre-
dicted knee position:

xem:f_.:fz_'ﬁ: Xend_ Xend _pred

(anee_d{ﬁ;y kn ee_-:fzﬁ‘):(xkn ce Nmee j?Eff’y Imee " Vimee gred)

In the example illustrated 1n FIG. 10, where the left-most
curve 1s Curve 1 and the right-most curve 1s Curve 4, the
differences for the knee positions are derived as illustrated 1n
the following table, which exemplifies coded integer difler-
ences for knee positions:
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Predicted knee

End Knee position based on  Coded integer
position position height and end difference for
Curve X (X, V) position X knee position
1 -3 (12, -4) (8, —1.5) (4, -2)
2 0 (7, -4) (8, 0) (-1, -4)
3 4 (10, 12) (8, 2) (2, 10)
4 15 (8, 2) (8, 7.5) (0, 6)

The differences could for instance be entropy-coded using,
CABAC, fixed length coding, unary coding, or Golomb
coding. The precision used when encoding the diflerences
could depend on the block size, such that smaller blocks
would have higher precision (for instance subpixel preci-
sion), while larger blocks have a sparser precision of the
difference. In addition, the precision may be quantized based
on a quality control mechanism, e.g., by using the existing
QP parameter. In this way, the precision of the curve can be
set 1n line with the desired balance between quality and
bitrate.

In an alternative variation of the third embodiment the
derivation of the end position and the knee position are
reversed. In this case, the prediction for the knee position 1s
derived from the neighboring block or signaled similar to the
angular mode of HEVC, and the end position x 1s derived
from the knee position.

Embodiment 4: Deriving the Intra-Prediction Mode
from Modes of Neighboring Blocks

In HEVC and JEM, the intra-prediction mode 1s primarily
selected from an MPM list including candidate modes used
by the neighboring blocks. This 1s advantageous when the
modes used by the neighboring blocks are angular modes,
and the texture would continue in the same straight direction
between blocks. However, for embodiments of the inven-
tion, which are based on using non-straight lines for intra-
prediction, it 1s unlikely that the same intra-prediction mode,
or curve, as that used for a neighboring block from which
pixels are extended, would result 1n a satisfactory intra-
prediction. For instance, as 1s illustrated in FIG. 13, it the
pixels are extended from the top, and the intra-prediction
mode of the top-neighboring block 1s a curved mode, that
curved mode (or its starting direction) would likely not be a
good choice for the current block. On the other hand, if the
pixels are extended from the top, and the intra-prediction
mode of the left neighboring block 1s a curved mode, that
curved mode would more likely result i a satisfactory
intra-prediction also for the current block.

Instead of including the curved mode of the neighboring
block, from which the pixels are extended (the mode of the
above neighbor 1in the example above) 1n the MPM list, a
mode that would continue the direction of the curve 1s
included 1n the list. This mode could be a straight intra-
prediction angular mode or a curved mode that continues the
curve from the (above) neighboring block. The neighboring
block for which the pixel prediction 1s not made could still

be used to predict the curve mode, as 1s 1llustrated 1n FIG.
13. The direction of the mode to use for the MPM could
either be derived from the bottom part of the curve of the
(above) neighboring block or be taken from a LUT, where
the entry of the LUT 1s the curve mode (including its starting,
angle) of the block to predict from and the output of the LUT
1s the mode to use.
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Embodiment 5: Extrapolating Pixels from
Neighboring Blocks

In the fifth embodiment, pixels from more than one layer
of rows or columns of the neighboring blocks are used for
the intra-prediction. The pixels could be extended by
extrapolating from the neighboring pixels along the non-
straight line such that the predicted pixels along the line
depend on pixels from more than one row/column.

An example of this 1s illustrated 1n FIG. 14, in which the
bottom row of the current block has been extrapolated from
the top from two layers of reference pixels from the above
neighboring blocks along a non-straight line. In the example,
tull-pixel precision without filtering has been used when
calculating the extrapolation. When the non-straight curve
starts between two reference pixels, subpixel filtering should
preferably be applied.

Embodiments of the invention may be applied to the luma
component and/or the chroma component of pixels 1n a
picture. The intra-prediction mode to be used for chroma
component may also be dertved from the intra-prediction
mode that was selected for the luma component.

In FIG. 15, embodiments of the method 1500 of encoding
a block of a picture into a video bitstream are 1llustrated.

Method 1500 1s performed by a video encoder and
comprises encoding 1510 a first block of the picture, deter-
mining 1520 an intra-prediction mode for a second block of
the picture, for which second block the intra-prediction 1s
made from pixels 1n the first block along a non-straight line,
encoding 1530 the second block using the determined 1ntra-
prediction mode, and signaling 1540 syntax elements for the
second block 1n the video bitstream.

For instance, the non-straight line may be a pre-defined
curve which 1s selected from a set of available curves.
Optionally, an angular mode 1s selected as a starting direc-
tion of the curve.

Alternatively, the non-straight line may be an explicitly
defined curve which 1s stored 1n a look-up table.

As another alternative, the non-straight line may comprise
at least two segments, each segment having a respective
direction which 1s described by a vector.

It will be appreciated that method 1500 may comprise
additional, or modified, steps 1n accordance with what 1s
described throughout this disclosure. An embodiment of
method 1500 may be implemented as software, such as
computer program 1930, to be executed by a processing unit
comprised 1 a video encoder, such as processor 1910
comprised 1 video encoder 1900 illustrated in FIG. 19,
whereby video encoder 1900 becomes operative 1 accor-
dance with embodiments of the invention described herein.

In FIG. 16, embodiments of the video encoder 1600 for
encoding a block of a picture into a video bitstream are
illustrated. Video encoder 1600 comprises an encoding
module 1610 configured to encode a first block of the picture
and to encode the second block of the picture using a
determined intra-prediction mode, a determining module
1620 configured to determine the intra-prediction mode for
the second block of the picture, for which second block the
intra-prediction 1s made from pixels in the first block along
a non-straight line, and a signaling module 1630 configured
to signal syntax elements for the second block 1n the video
bitstream.

For instance, the non-straight line may be a pre-defined
curve which 1s selected from a set of available curves.
Optionally, an angular mode may be selected as a starting
direction of the curve.
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As an alternative, the non-straight line may be an explic-
itly defined curve which 1s stored in a look-up table.

As another alternative, the non-straight line may comprise
at least two segments, each segment having a respective
direction described by a vector.

Embodiments of video encoder 1600 may be imple-
mented 1n hardware, in software, or a combination of
hardware and software. Video encoder may, e.g., comprised
in a User Equipment (UE), such as a mobile telephone, a
tablet, a desktop computer, a netbook, a multimedia player,
a video streaming server, a set-top box, or a computer.

In FIG. 17, embodiments of the method 1700 of decoding,

a block of a picture of a video bitstream are 1llustrated.
Method 1700 1s performed by a video decoder and com-
prises decoding 1710 a first block of the picture, parsing
1720 syntax elements for a second block of the picture from
the video bitstream, determining 1730 an intra-prediction
mode for the second block, for which second block the
intra-prediction 1s made from pixels 1n the first block along
a non-straight line, and decoding 1740 the second block
using the determined intra-prediction mode.

For instance, the non-straight line may be a pre-defined
curve which 1s selected from a set of available curves.

Optionally, an angular mode 1s selected as a starting direc-
tion of the curve.

Alternatively, the non-straight line may be an explicitly
defined curve which 1s stored 1n a look-up table.

As another alternative, the non-straight line may comprise
at least two segments, each segment having a respective
direction which 1s described by a vector.

It will be appreciated that method 1700 may comprise
additional, or modified, steps 1n accordance with what 1s
described throughout this disclosure. An embodiment of
method 1700 may be implemented as soiftware, such as
computer program 1930, to be executed by a processing unit
comprised 1n a video decoder, such as processor 1910
comprised i video decoder 1900 illustrated in FIG. 19,
whereby video decoder 1900 becomes operative 1 accor-
dance with embodiments of the invention described herein.

In FIG. 18, embodiments of the video decoder 1800 for
decoding a block of a picture of a video bitstream are
illustrated. Video decoder 1800 comprises a decoding mod-
ule 1810 configured to decode a first block of the picture and
to decode a second block of the picture using a determined
intra-prediction mode, a parsing module 1820 configured to
parse syntax elements for the second block from the video
bitstream, and a determining module 1830 configured to
determine the intra-prediction mode for the second block,
for which second block the intra-prediction 1s made from
pixels 1 the first block along a non-straight line.

For instance, the non-straight line may be a pre-defined
curve which 1s selected from a set of available curves.
Optionally, an angular mode 1s selected as a starting direc-
tion of the curve.

Alternatively, the non-straight line may be an explicitly
defined curve which 1s stored 1n a look-up table.

As another alternative, the non-straight line may comprise
at least two segments, each segment having a respective
direction which 1s described by a vector.
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Embodiments of video decoder 1800 may be imple-
mented 1n hardware, in software, or a combination of
hardware and software. Video encoder may, e.g., comprised
in a UE, such as a mobile telephone, a tablet, a desktop
computer, a netbook, a multimedia player, a video streaming
server, a set-top box, or a computer.

In FIG. 19, alternative embodiments of a video encoder
1900 for encoding a block of a picture 1nto a video bitstream,

or a video decoder 1900 for decoding a block of a picture of
a video bitstream, are 1llustrated. Video encoder 1900 com-

prises processing means 1910, such as a processor or pro-
cessing circuitry, and a memory 1920, such as a Random-
Access Memory (RAM), a Read-Only Memory (ROM), a
Flash memory, a hard-disk drive, or the like. Memory 1920
comprises 1structions 1930 which, when executed by pro-
cessing means 1910, cause video encoder 1900 to encode a
first block of the picture, determine an intra-prediction mode
for a second block of the picture, for which second block the
intra-prediction 1s made from pixels in the first block along
a non-straight line, encode the second block using the

determined intra-prediction mode, and signal syntax ele-
ments for the second block in the video bitstream.

For instance, the non-straight line may be a pre-defined
curve which 1s selected from a set of available curves.

Optionally, an angular mode 1s selected as a starting direc-
tion of the curve.

Alternatively, the non-straight line may be an explicitly
defined curve which 1s stored 1n a look-up table.

As another alternative, the non-straight line may comprise
at least two segments, each segment having a respective
direction which 1s described by a vector.

Alternatively, mstructions 1930 may, when executed by
processing means 1910, cause video decoder 1900 to decode
a first block of the picture, parse syntax elements for a
second block of the picture from the video bitstream, deter-
mine an intra-prediction mode for the second block, for
which second block the intra-prediction 1s made from pixels
in the first block along a non-straight line, and decode the
second block using the determined intra-prediction mode.
Video decoder 1900 further comprises a network interface
1940 for transmitting or receiving the video bitstream over
a communications network.

For instance, the non-straight line may be a pre-defined
curve which 1s selected from a set of available curves.
Optionally, an angular mode 1s selected as a starting direc-
tion of the curve.

Alternatively, the non-straight line may be an explicitly
defined curve which is stored 1n a look-up table.

As another alternative, the non-straight line may comprise
at least two segments, each segment having a respective
direction which 1s described by a vector.

Encoding module 1610, determining module 1620, sig-
naling module 1630, decoding module 1810, parsing mod-
ule 1820, determining module 1830, and network interface
1940, may be implemented by any kind of electronic cir-
cuitry, €.g., any one, or a combination of, analogue elec-
tronic circuitry, digital electronic circuitry, and processing,
means executing a suitable computer program, 1.e., soltware.

The person skilled 1n the art realizes that the invention by
no means 1s limited to the embodiments described above. On
the contrary, many modifications and variations are possible
within the scope of the appended claims.
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Appendix A: Example of syntax and semantics for signaling curve flag
and curve index

In this Appendix, an example of syntax and semantics for signaling a
curve flag and a curve index is provided. Changes to the syntax and
semantics are indicated relative to ITU-T Recommendation H.265, SERIES
H: AUDIOVISUAL AND MULTIMEDIA SYSTEMS, “High efficiency video
coding’, 12/2016. Changes to the syntax are marked by a frame, and

changes to the semantics are marked underlined.

7.3.8.5 Coding unit syntax

coding umt( x0, y0, log2CbSize ) { Descriptor
if( transquant bypass enabled flag )
cu_transquant_bypass_flag ae(v)
if( slice type 1= 1)
cu skip flag[ x0 ][ y0 ] ae(v)

nCbS = (1 << log2CbSize )

1f( cu skip flag| xO || y0 | )

prediction umt( x0, y0, nCbS, nCbS )

else {

1f( slice type 1= 1)

pred _mode flag ae(v)

if( palette mode enabled flag && CuPredMode| x0 || yO | == MODE INTRA &&
log2(CbS1ze <= MaxTbLog251z¢Y )

palette mode tlag| xO || yO | ac(v)

1f( palette mode flag| x0 || yO | )
palette coding( x0, y0O, nCbS )

else {

if( CuPredMode| x0 |[ yv0 | '= MODE INTRA ||
log2(CbSi1ize == MinCbLog2SizeY )

part mode ac(v)

if( CuPredMode[ x0 |[y0 | == MODE INTRA ) {

1f( PartMode == PART 2Nx2N && pcm enabled flag &&
log2CbSize >= Log2Minlpcm(CbSizeY &&
log2CbS1ze <= Log2MaxIpcmCbSizeY )

pcm tlag| x0 || vO | ac(v)

1 pem_flag| x0 [ y0 ]) 1

while( 'byte aligned( ) )

pcm_alignment_zero bit f(1)

pcm sample( x0, y0, log2CbSize )
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} else {

pbOffset = ( PartMode == PART NxN)? (nCbS/2) : nCbS

for( 1 =0; 71 <nCbs; ) =7+ pbOfiset )

for( 1= 0;1<nCbS;1=1+ pbOfiset )

prev_intra luma pred flag| xO+1||y0 + | ac(v)
for(31=10; 71 <nCbS; j =7+ pbOfisect )
for( 1= 0;1<nCbS;1=1+ pbOfisect )
if( prev ntra luma pred flag| xO+1 ][ v0 +3])
mpm_idx| x0+1 [[ yO +] ] ac(v)
clse
rem intra luma pred mode| xO +1 ][ v0 +7 ] ac(v)

for(3=0; 1 <nCbs; =7 + pbOfiset )

for(1=0;1<nCbS; 1=1+ pbOfiset ) {

intra_luma curve pred tlag| x0 +1 || yO +7 |

if( intra_luma curve pred flag| xO+1][y0+73])

ac(v)

mtra luma curve pred 1dx| x0+1|[y0 + ]

ac(v)

j
1f( ChromaArray Type == 3 )

for( 1 =0; 1 <nCbs; j=7 + pbOffset )

for(1=0; 1 <nCbsS;1=1+ pbOifset )

intra_chroma pred mode| x0+1]] y0 +) |

ac(v)

else 1f( ChromaArrayType = 0)

mtra chroma pred mode| x0 || y0 |

ac(v)

j

}else

1f( PartMode == PART 2Nx2N)

prediction umt( x0, yO, nCbS, nCbS )

clse if( PartMode == PART 2NxN) {

prediction unit( x0, yO, nCbS, nCbS /2 )

prediction unit( x0, vO + (nCbS /2 ), nCbS, nCbS /2 )

} else if( PartMode == PART Nx2N) {

prediction unit( x0, yO, nCbS / 2, nCbS )

prediction unmt( xO + (nCbsS /2 ), v0, nCbsS / 2, nCbs )

} else if( PartMode == PART 2NxnU ) {

prediction umt( x0, yO, nCbS, nCbS / 4 )

prediction umt( x0, yO + ( nCbS / 4 ), nCbs, nCb> *3/4 )

} else 1f( PartMode == PART 2NxnD ) {
prediction unit( x0, yO, nCbS, nCbS *3 /4 )

prediction umt( x0, yO + (nCbS * 3 /4 ), nCbs, nCbS /4 )

t else if( PartMode == PART nLx2N) {

prediction unit( x0, yO, nCbS / 4, nCbS )
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prediction unit( x0 + (nCbS /4 ), yO, nCbS * 3/ 4, nCbsS )

} else if( PartMode == PART nRx2N ) {

prediction unit( x0, y0, nCbS * 3/ 4, nCbS )

prediction unit( X0+ (nCbS *3/4 ), yO, nCbS / 4, nCbs )

telse { /7* PART NxN */
prediction umt( x0, yO, nCbS /2, nCbS /2 )

prediction umt( X0+ (nCbS /2 ), yO, nCbS /2, nCbS /2 )

prediction umt( x0, yO0 + (nCbsS /2 ), nCbS /2, nCbS /2 )

prediction unit( x0 + (nCbS /2 ), yO + (nCbS /2 ). nCbS /2. nCbS / 2 )

h

if( 'pcm flag] xO |[[v0 ] ) {

if( CuPredMode| x0 || vO | '= MODE INTRA &&
I( PartMode == PART 2Nx2N && merge flag| x0 || v0 | ) )

rqt_root_chbf ae(v)
if( rqt_root cbf ) {

MaxTratoDepth = ( CuPredMode| x0 || vO | == MODE INTRA ?
( max_ transform hierarchy depth intra + IntraSplhitFlag

max transform hierarchy depth inter )
transform tree( x0, y0, x0, y0, log2CbSize, 0, 0 )

7.4.9.5 Coding unit semantics

’.1;1.16 syntax clements prev intra luma pred flag| xO+1 || y0+3 |, mpm idx| x0 +1]] yO +] |,

rem intra luma pred mode| X0 +1 ]| yO + |, intra luma curve pred flag| xO+1 ] vO+ 7| and
intra_luma curve pred idx| x0 +1 || vO0 +7 | specity the intra prediction mode for luma samples.
The array 1ndices x0 +1, yO +j specify the location ( x0 +1, yO + 7 ) of the top-left luma sample of the
considered prediction block relative to the top-left luma sample of the picture. When

prev intra luma pred flag| xO0+1]] yvO +7 | 1s equal to 1, the intra prediction mode 1s inferred from a
neighbouring intra-predicted prediction umit according to clause Error! Reference source not found..
When intra luma curve pred flag| x0 +1 ]| vO +7 | 1s equal to 1. the intra prediction mode 1s

inferred from intra luma curve pred idx| x0 +1 || vO + 1] according to clause 8.4.2.
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8.4.4.2.6 Specification of intra prediction mode In the range of INTRA ANGULARZ2..
INTRA ANGULAR34

Table Error! No text of specified style in document.-1 further specifies the mapping table between
predModelntra and the mverse angle parameter inv Angle.

Table Error! No text of specified style in document.-1 — Specification of invAngle

predMg deIntra 11 12 13 14 15 16 17 18
invAngle —4 096 —1 638 —910 —630 —432 —390 —3135 —256

])I‘EdMO delntra 19 20 21 22 23 24 23 26
invAngle —315 —390 —432 —630) —910 —1 638 —4 096 -

Table Error! No text of specified style in document.-17 further specifies the mapping table between
predCurvelntra and the intraPredCurve Shift.

Table 8-7 Specification of intraPredCurveShift for MxN blocks

predCurvelntra index -1 U 1 3 s
intraPredCurveShift] 0 ] 0
intraPredCurveShift] 1 | 0
intraPredCurveShift] ... | 0
mtraPredCurveShift] N-1 | 0

Note 2: A table should b¢ provided in the specification for each of the possible MxN blocks that supports
the 1ntra curve mode. Values should be furthermore be provided for each cell of the tables.

The vanable disableIntraBoundaryFilter 1s dertved as follows:
— Ifintra boundary hltering disabled flag 1s equal to 1, disableIntraBoundaryFilter 1s set equal to 1.

— Otherwise (intra boundary filtering disabled flag 1s equal to 0), if implicit rdpcm enabled flag
and cu transquant bypass tlag are both equal to 1, disableIntraBoundaryFilter 1s set equal to 1.

— Otherwise, disableIntraBoundaryFilter 1s set equal to O.

The values of the prediction samples predSamples| x J[ v |, with x, y=0..nTbS — 1 are dertved as
follows:

— If predModelntra 1s greater than or equal to 18, the following ordered steps apply .
1. The reference sample array ref]| x | 1s specified as follows:

— The following applies:
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ref] x |=p[-1+x]]—1] withx=0.nTbS(Error! No text of specified style in
document.-1)

— It intraPredAngle 1s less than O, the main reference sample array 1s extended as follows:

— When ( nTbS * intraPredAngle ) >> 515 less than —1,

ref]| x | = pl 1] —1+( ( x *mmvAngle + 128 ) >> 8 ) .
with x = —1..(nTbS * intraPredAngle ) >> 5(Error! No text of
specified style in document.-2)

— Otherwise.

ref] x |=p|-1+x || 1], withx=nTbS + 1..2 * nTbS(Error! No text of specitied
style in document.-3)

2. The values of the prediction samples predSamples| x || v |, with x, y = 0.nTbS — 1 are dernved
as Tollows:

a. The index varniable 1ldx and the multiplication factor 1Fact are derived as follows:

ildx=((y + 1) * ntraPredAngle + intraPredCurveShiftl v 1)) >> 5 (Error! No
text of specitied style in document.-4)

iFact= ((y + 1) * (intraPredAngle + mtraPredCurveShift| v |)) & 31(Error! No
text of specified style in document.-5)

1. The values of the prediction samples predSamples| x |[ v |, with x, y = 0..nTbS — 1 are denved
as follows:

a. The index vanable 11dx and the multiplication factor iFact are denved as follows:

ldx=((x+ 1) * ntraPredAngle + intraPredCurveShiftl v |3 ) >> 5(Error! No
text of specified style in document.-6)

iFact= ( (x+ 1) * (intraPred Angle + intraPredCurveShift[ v ]) ) & 31(Error! No
text of specified style in document.-7/)
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The 1nvention claimed 1s:
1. A method of encoding a block of a picture 1nto a video
bitstream, the method being performed by a video encoder
and comprising:
encoding a first block of the picture;
determining an intra-prediction mode for a second block
of the picture, for which second block the intra-predic-
tion 1s made from pixels 1 the first block along a
non-straight line created using an available curve that 1s
selected from a set of available curves that are based on
a block size of the first block, wherein the set of
available curves 1s different for different block sizes;

encoding the second block using the determined intra-
prediction mode; and

signaling syntax elements for the second block in the

video bitstream wherein the syntax elements indicate
the available curve selected from the set of available
curves.

2. The method according to claim 1, further comprising:

selecting the set of available curves from a plurality of

sets of available curves based on the block size of the
first block, wherein different ones of the plurality of the
sets of available curves are based on different block
sizes of the first block.

3. The method according to claim 2, further comprising
selecting an angular mode as a starting direction of the
non-straight line.

4. The method according to claim 1, wherein the non-
straight line 1s an explicitly defined curve stored 1n a look-up
table.

5. A computer program comprising computer-executable
instructions for causing a device to perform the method
according to claim 1, when the computer-executable mstruc-
tions are executed on a processing unit comprised in the
device.

6. The method of claim 1 wherein a number of available
curves 1n a set of available curves 1s based on the size of the
block.

7. The method of claim 6 wherein the number of available
curves 1n the set of available curves 1s further based on a
shape of the block.

8. The method of claim 6 further comprising removing at
least one available curve in the set of available curves
responsive to a missing neighboring block.

9. A method of decoding a block of a picture of a video
bitstream, the method being performed by a video decoder
and comprising;:

decoding a first block of the picture;

parsing syntax elements for a second block of the picture

from the video bitstream to determine a curve to use to
create a non-straight line, the curve from a set of
available curves that are based on a block size of the
first block, wherein the set of available curves 1is
different for different block sizes;

determining an intra-prediction mode for the second

block, for which second block the intra-prediction is
made from pixels 1n the first block along the non-
straight line that 1s created based on the curve deter-
mined to use; and

decoding the second block using the determined intra-

prediction mode.

10. The method according to claim 9, further comprising
determining the set of available curves from a plurality of
sets of available curves based on the block size of the first
block, wherein diflerent ones of the plurality of the sets of
available curves are based on different block sizes of the first

block.
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11. The method according to claim 10, further comprising
selecting an angular mode as a starting direction of the
non-straight line.

12. The method according to claim 9, wherein the non-
straight line 1s an explicitly defined curve stored 1n a look-up
table.

13. A video encoder for encoding a block of a picture mnto
a video bitstream, the video encoder comprising processing
circuitry and a memory comprising instructions which,
when executed by the processing circuitry, cause the video
encoder to:

encode a first block of the picture;

determine an intra-prediction mode for a second block of

the picture, for which second block the intra-prediction
1s made from pixels 1 the first block along a non-
straight line created using an available curve that 1s
selected from a set of available curves based on a block
size of the first block, wherein the set of available
curves 1s different for different block sizes;

encode the second block using the determined intra-

prediction mode; and

signal syntax elements for the second block 1n the video

bitstream wherein the syntax elements indicate the
available curve selected from the set of available
curves.

14. The video encoder according to claim 13, wherein the
memory comprises further instructions which, when
executed by the processing circuitry, cause the video
encoder to:

select the set of available curves from a plurality of sets
of available curves based on the block size of the first
block, wherein different ones of the plurality of the sets
of available curves are based on different block sizes of

the first block.

15. The video encoder according to claim 14, wherein the
memory comprises further instructions which, when
executed by the processing circuitry, cause the video
encoder to select an angular mode as a starting direction of
the non-straight line.

16. The video encoder according to claim 13, wherein the

non-straight line 1s an explicitly defined curve stored 1n a
look-up table.

17. The video encoder according to claim 13, comprised
in any one of a User Equipment, UE, a mobile telephone, a
tablet, a desktop computer, a netbook, a multimedia player,
a video streaming server, a set-top box, or a computer.

18. A video decoder for decoding a block of a picture of
a video bitstream, the video decoder comprising processing
circuitry and a memory comprising instructions which,
when executed by the processing circuitry, cause the video
decoder to:

decode a first block of the picture;

parse syntax elements for a second block of the picture

from the video bitstream to determine a curve to use to
create a non-straight line, the curve from a set of
available curves that are based on a block size of the
first block, wherein the set of available curves 1is
different for different block sizes;

determine an intra-prediction mode for the second block,

for which second block the intra-prediction 1s made
from pixels in the first block along the non-straight line
that 1s created based on the curve determined to use:
and

decode the second block using the determined intra-

prediction mode.
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19. The video decoder according to claim 18, the memory
comprises further instructions which, when executed by the
processing circuitry, cause the video decoder to:

determine the set of available curves from a plurality of

sets of available curves based on the block size of the 5
first block, wherein different ones of the plurality of the
sets of available curves are based on different block
sizes of the first block.

20. The video decoder according to claim 19, wherein the
memory comprises further instructions which, when 10
executed by the processing circuitry, cause the wvideo
decoder to select an angular mode as a starting direction of
the non-straight line.

21. The video decoder according to claim 18, wherein the
non-straight line 1s an explicitly defined curve stored 1n a 15
look-up table.

22. The video decoder according to claim 18, comprised
in any one of a User Equipment (UE), a mobile telephone,

a tablet, a desktop computer, a netbook, a multimedia player,
a video streaming server, a set-top box, or a computer. 20
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